Supplementary Methods

Supplementary Method 1: Synteny Mode
Whereas collinearity is excellent to detect remnants of relatively recent duplications and homologous regions between closely related species, more ancient homologous regions may remain undetected (9). Synteny is a valid, albeit less stringent, alternative than collinearity to detect ancient homology between regions that experienced severe rearrangements, such as, for example, paralogous regions that originated from the whole-genome duplication (WGD) in the common ancestor of all vertebrates . i-ADHoRe 3.0 features an additional clustering algorithm to detect genomic homology based on shared gene content, coined the synteny mode.
The input and initial steps were identical to the collinearity search mode. Only after the pairwise GHMs had been built, a different clustering algorithm was used (Supplementary Figure 1) . Clouds of dots contained by a bounding box were detected. Initially, the method started by considering all the dots of the GHM as potential cloud seeds. Subsequently the seeding algorithm searched a rectangular area, defined by the cloud_gap, for additional dots, and all dots in this window formed the seed cloud. Next, all seed clouds would grow by adding all dots present in a frame with a thickness equal to the cloud_gap to the current cloud. This process was repeated as long as additional genes could be included in the cloud.
Finally, clouds within each other's range, defined by the cluster_cloud_gap, were merged into one single large cluster.
In a final step, the statistical significance of the clouds was calculated. Two methods were available. One method used a binomial distribution in which the probability density was set to the number of dots divided by the area of the dot matrix. The other method took into account the removal of the tandem duplicates during a pre-processing step. Therefore, one dot per column and row was assumed to be present. For boxes larger than the tandem_gap, this assumption might be broken and the significance might be slightly overestimated. The binomial distribution supposed that one dot might be present at every position in the box. Hence, the second distribution would seemingly be a more realistic measure for the statistical significance of a cloud. As clouds could not be aligned, the profile search was automatically disabled with the cloud search.
For the human data set, the empirical FP rate was determined with a permutation test on several datasets, every time gradually increasing the cloud_gap from 5 to 55 and setting the cloud_cluster_gap to the cloud_gap plus five. We found that a cloud_gap of 15 (and thus a cloud_cluster_gap of 20) was the closest to the selected p-value and thus optimal for the human genome. Therefore, these settings were applied for further evaluation of the synteny mode. (Supplementary Table 3 ). Note that a wrong choice of parameters might cause an avalanche effect in which the bounding box keeps growing because new dots are found in the window frame.
On the human data set with the collinear search, 544 anchor point pairs were reported and the cloud search 2215 both, with a p-value of 0.01. Comparison of the number of block-duplicated genes revealed that the synteny mode detected nearly 4-fold more genes in significant syntenic blocks. Therefore; the synteny mode is recommended to detect highly diverged homologous regions, such as those derived from the WGD in vertebrates but also between species with a large evolutionary distance.
Supplementary Method 2: Parameter landscape for different eukaryotic model species
As the two user-defined parameters, the gap_size and q_value, have a direct impact on the accuracy and sensitivity of the collinearity detection, the optimal settings of these parameters depended on the properties of the data set. Within inter-species comparisons, closely related organisms would have a strongly dense diagonal in the GHM and, as the evolutionary distance increased, they would gradually break into smaller and sparser regions and, eventually, become undetectable. Intra-species properties are strongly linked with large-scale duplications. Arabidopsis thaliana has two relatively recent WGDs on top of an ancient hexaploidization shared with all other dicotyledonous plants (4,40,69) and, therefore, contains a mix of recent large-scale duplications and ancient homologous regions with abundant posterior gene loss and rearrangements. Intra-species GHMs for both human and yeast will result into a GHM with smaller, sparse and more diverged collinear regions.
Drosophila melanogaster has no known WGD, neither ancient nor recent, and, thus, was excluded from further analysis.
To determine the effect of different parameters settings, the FP rate was monitored with a variety of setting combinations for the gap_size and q_value on several data sets. In this manner, the setting combination was determined in which the highest number of valid base clusters was reported while keeping the FP rate under control.
On denser genomes, due to recent duplications, such as Arabidopsis (70), the impact of the q_value remained rather small, but the gap_size became important to keep the FP rate under control, because the analytical p-value underestimated the probability to find clusters with large gaps (Supplementary Table 4 ). In the human and yeast genomes, due to the sparse GHMs, a very low FP rate was observed and, thus, both the gap_size and q_value could be relaxed to find additional, highly diverged, duplicated regions (Supplementary   Tables 5 and 6 ). As collinearity diverged more and more, gene order was no longer conserved and clusters no longer appeared as diagonal lines in the GHM, but as dense clouds. Therefore, application of the synteny mode is recommended for highly diverged genomes. Ideally, settings should be selected that maximize the amount of collinearity detected while keeping the FP rate close to the selected p-value threshold. For datasets with dense GHMs (species with recent WGDs and inter-species collinearity), a p_value threshold of 0.01 is advised in combination with a gap_size of 30 and a q_value of 0.75. As the average GHM density decreases, both parameters can be further relaxed to a gap_size of 55 and a q_value of 0.5.
Supplementary Method 3: Impact of genome sequence assembly on the detection of collinearity
Like many comparative genomic studies, the detection of collinearity is highly dependant on the quality of the input data. Genomes sequenced to low coverage and/or using short reads usually are provided as a set of scaffolds rather than long pseudomolecules. The presence of such gaps in the genome sequence can manifest as false breaks in collinear regions, hence reducing the amount of collinearity found between two genomes.
To measure the impact of the overall genome quality is on the detection of collinearity, all available primate genomes as well as the treeshrew (Tupaia belangeri) genome were mapped onto the high-quality mouse genome. As all these species have a similar evolutionary distance to mouse and no extensive differences in generation time and life style are known, a comparable fraction of genome collinearity can be expected with the mouse genome. The human (51), chimpanzee (Pan troglodytes) (52) and orangutan (Pongo pygmaeus) (71) genomes, all high-quality genomes, could be mapped to around 94% of the mouse genome (Supplementary Table 8) . However, the gorilla (Gorilla gorilla) genome, sequenced to a 36x coverage using Solexa sequencing (72), mapped to only 8% of the mouse genome. The other genomes, even though there are all sequenced to approximately 2x coverage, showed a large variability (Supplementary Table 8 ). Clearly, the quality of the assembly, reflected in the number of scaffolds, rather than the sequencing depth accounts for most of the observed differences. Parameter combinations with a FP-rate equal or below the p-value cutoff specified (10-2) are indicated in bold.
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